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ABSTRACT 


Introduction: Diabetes is a metabolic disorder with debilitating complications which affects several million people worldwide. 
Cardiac Autonomic Neuropathy (CAN) is the most common chronic complication of type 2 diabetes mellitus (T2DM), which is 
concealed for long period of disease. Heart rate variability (HRV) test is the simple and sensitive test for CAN. Diagnosing CAN 
at subclinical stage and knowing the correlation of HRV with duration of diabetes can help to prevent the morbidity and mortality 
because of this neuropathy. 

Objective: This study aims to determine the correlation of HRV with duration of diabetes in type 2 diabetes mellitus. 

Materials and Methods: This cross sectional study was conducted in Department of Physiology, in collaboration with Rajeev 
Gandhi Centre for Diabetes and Endocrinology on patients of T2DM attending Diabetes clinic in Jawaharlal Nehru Medical col¬ 
lege hospital (JNMCH), AMU, Aligarh, from 2014 to 2016 after approval from the ethical committee of J. N. Medical College. 
Total 90 subjects were taken, among whom 60 subjects were diagnosed cases of T2DM, which were divided in two groups on 
the basis of duration of diabetes. Rest 30 subjects were non diabetic control group. For CAN heart rate variability test was done. 
Statistical analysis was performed using SPSS version 21.0. 

Results: In shorter duration Diabetes (3.31 ± 1.72 years T2DM), significant (p value<0.05) negative correlation was seen be¬ 
tween duration of diabetes and pNN50, RMSSD, HF power and LF/HF ratio, while in longer duration of Diabetes (12 ± 4.42 years 
T2DM), there was significant (p value<0.05) negative correlation between duration of diabetes and all four HRV parameters, 
namely, pNN50, RMSSD, HF power, LF power, LF/HF ratio. 

Conclusion: Chronic hyperglycemia in diabetes leads to the degeneration and damage of autonomic nerves. 
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INTRODUCTION 

Diabetes Mellitus (DM) is a metabolic disease characterized 
by hyperglycemia which results from defects in insulin se¬ 
cretion, insulin action or both. [1]. Diabetes is a debilitat¬ 
ing disease which affects several million people worldwide. 
With a national DM prevalence of 8.6% and 668,468,800 
numbers of people with DM, India stands second to China in 
relation to the burden of DM [2]. 

Patient with diabetes are at much higher risk for development 
of both micro vascular and macro vascular complications, in¬ 


cluding peripheral neuropathy, nephropathy, retinopathy, and 
cardiovascular disease [3]. 

Autonomic nerve damage can be found in many diabetics 
often without accompanying symptoms. Cardiac autonomic 
neuropathy (CAN) is observed to be the most commonly 
seen diabetic complications and yet it is the most ignored one 
as well. CAN is now generally recognized as an independ¬ 
ent risk factor for cardio-vascular diseases [4], [5]. The high 
mortality rate seen in diabetic patients is largely attributable 
to cardiac arrhythmias, silent myocardial ischemia, periop- 
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erative cardiovascular, and cardiorespiratory instability [6]. 
So, early diagnosis of cardiac autonomic neuropathy is re¬ 
quired to prevent the debilitating complications. Heart rate 
variability test is one of the significant sensitive and early 
predictor of cardiac autonomic neuropathy, and which can 
be used for early deduction of complications among diabetes 
mellitus patients. It has been suggested that CAN diagnosis 
may be used for cardiovascular risk stratification in patients 
with and without established cardiovascular disease, as a 
marker for patients requiring more intensive pharmacothera- 
peutic and life-style management of co morbid conditions 

[7]. 

So this study was undertaken to study the effect of duration 
of diabetes on heart rate variability parameters in type 2 dia¬ 
betes mellitus patients. 

MATERIAL AND METHOD 

The present study was conducted in Rajeev Gandhi Centre 
for Diabetes and Endocrinology and Department of Physiol¬ 
ogy on patients of Type 2 Diabetes Mellitus (T2DM) attend¬ 
ing Diabetes clinic in Jawaharlal Nehru Medical College & 
Hospital, AMU, Aligarh, from November 2014 to May 2016 
after approval from the ethical committee of J. N. Medical 
College. Design of the study was cross sectional and total 
90 subjects were taken. Out of these 90 subjects 60 were 
selected as cases for further study who met the inclusion and 
exclusion criteria and gave the valid consent in writing af¬ 
ter explaining the procedure to the subject prior to enter¬ 
ing for further investigations. A detailed history and physical 
examination was carried out for every subject who entered 
the study as per a pre-designed proforma. Selected cases of 
T2DM patients between age 30 to 69 years were assessed 
for diabetic cardiac autonomic neuropathy through heart rate 
variability test and were asked to report endocrinology labo¬ 
ratory after an overnight fasting of 10-12 hours in fasting 
state. Blood samples were collected in EDTA-Na vials for 
estimation of HbAlC Fluoride vials for plasma glucose, in 
plain vials for serum lipids and lipoproteins and serum cre¬ 
atinine. Blood for fasting and post prandial glucose estima¬ 
tion were collected on the same day. 

All diabetic patients were divided in two groups based on 
duration of T2DM. 

Group Al (n=30) with less than 8 years 

Group A2 (n= 30) with equal to or more than 8 years. 

The findings were also compared with group of 30age, sex 
and BMI matched control group (Group A) who were free 
from diabetes mellitus, hypertension, coronary artery disease 
or any other illness which could hamper with the test results. 
The inclusion criteria of T2DM patients for this study were 
patients aged 30- 69 years diagnosed with Diabetes on the 



basis of revised American Diabetic Association Criteria i.e. 
fasting plasma glucose > 126 mg/dl ( >6.1 mmol/1) and 2 
hours postprandial plasma glucose > 200 mg/dl ( >1 1.1 
mmol/1) [8]. The exclusion criteria of these patients were 
previous history of cardiac arrhythmia, hypertension, heart 
block, clinical coronary artery disease, and presence of thy¬ 
roid disease (hypo or hyperthyroidism). 

Heart rate variability was analysed with a PHYSIO-PAC 
SOFTWARE SYSTEM (Medicaid systems, Chandigarh 
160002, India).Two -lead electrocardiographic data were 
recorded for 5 minutes and were downloaded to the HRV 
software analyser. Time domain analysis was done by Fast 
Fourier transformation. In the time domain we measured 
the root mean square of successive R-R interval differences 
(RMSSD) and the percentage of beats with a consecutive 
R-R interval difference >5 0ms (pNN50). In the frequency 
domain we measured high frequency power (HF), low fre¬ 
quency power (FF) and the FF/HF ratio. 

STATISTICAL ANALYSIS 

Analysis was performed using SPSS version 21.0 statistical 
package for windows (SPSS, Chicago, IF). Continuous vari¬ 
ables were expressed as mean ± Standard Deviation (S.D) 
or range, and qualitative data was expressed in percentages. 
One way ANOVA with Post Hoc Tukey test were used for 
comparison of means between three groups. The association 
between continuous variables was tested by linear correla¬ 
tion using Pearson’s coefficient. All tests were two tailed, 
confidence intervals were calculated at 95% level and a p- 
value of < 0.05 was considered significant. 

RESULT AND OBSERVATIONS 

In this study, a total of 60 patients with diagnosed type 2 
diabetes mellitus were covered, who met the inclusion and 
exclusion criteria and had given valid consent in writing. 
These 60 patients were selected in a manner to segregate 
them in two groups of 30 each. One group of thirty patients 
had T2DM of less than 8 years duration with mean duration 
of 3.31 ±1.72 years, whereas the second group of thirty pa¬ 
tients had T2DM for more than 8 years duration with mean 
duration of 12.80 ± 4.42 years. A group of 30 normal indi¬ 
viduals without diabetes served as control in this study. The 
observations made during the study are as follow. 

Baseline characteristics of Non-Diabetic control group, pa¬ 
tients with more than 8 years Type 2 Diabetes mellitus and 
patients with less than 8 years Type 2 Diabetes mellitus are 
given in Tableland Table 2 respectively. 

To assess Cardiac Autonomic Neuropathy Heart Rate Vari¬ 
ability test was done. The heart rate variability parameters of 
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the diabetes patients and control subjects are given in Table 
3. 

Variation in means of Heart rate Variability test parameters 
between non diabetes and T2DM less than 8years show sig¬ 
nificant decrease in pNN50%, RMSSD, LF power, HF power 
and LF/HF ratio. Variation in means of Heart rate Variability 
test parameters between non diabetes and T2DM more than 
8years also show significant decrease in pNN50%, RMSSD, 
LF power, HF power, and LF/HF ratio. Variation in means 
of Heart rate Variability test parameters between T2DM less 
than 8years and T2DM more than 8years show significant 
decrease all HRV parameters pNN50%, RMSSD, LF power, 
HF power, and LF/HF ratio as shown in Table 3. 

Significant negative correlation is seen between duration of 
diabetes in T2DM of less than 8years and these HRV pa¬ 
rameters, namely pNN50%, RMSSD, HF and LF/HF ratio. 
There is non-significant correlation between HRV parameter 
LF power and duration of diabetes as shown in Table 4. 

Significant negative correlation is seen between duration of 
diabetes in T2DM of more than 8years and these HRV pa¬ 
rameters, namely, pNN50%, RMSSD, LF power, HF power 
and LF/HF ratio (Table 5). 

DISCUSSION 

Type 2 Diabetes Mellitus is a widely prevalent disease char¬ 
acterized by insulin insensitivity, which occurs as a result of 
insulin resistance and declining insulin production, eventu¬ 
ally leading to pancreatic beta cell failure [9],[10]. As a result 
of this dysfunction, hyperglycemia occurs. 

This study was designed to see presence of Cardiac auto¬ 
nomic Neuropathy through heart rate variability test, its cor¬ 
relation with duration of diabetes and glycemic control, in 
Type2 Diabetes Mellitus patients. Baseline characteristic 
of type 2 diabetic patients and age, sex and BMI matched 
healthy controls were compared. Type 2 Diabetes Mellitus 
patients were included in study and divided in two groups 
based on duration of disease. 

The statistics compiled as part of this study show that dura¬ 
tion of T2DM had considerable impact on cardiac autonomic 
function when assessed through heart rate variability test. 
Time domain and frequency domain parameters were cho¬ 
sen as a method for characterizing HRV in accordance with 
the recommendations of Task Force of the European Soci¬ 
ety of Cardiology[ll]and work done in these studies[12], 
[13]. These recommendations suggest that these parameters 
are sensitive measure of HRV. The time domain parameters 
observed were pNN50 and RMSSD, whereas the frequency 
domain parameters studied were LF power, HF power and 
LF/HF ratio. 


I. High frequency power spectrum of HRV test is con¬ 
ventionally suggestive of cardiac parasympathetic 
activity whereas low frequency spectrum usually 
suggests cardiac sympathetic activity. Except for LF/ 
HF ratio, a definite decrease was observed in all the 
above considered measures of both time domain and 
frequency domain parameters in both the groups with 
T2DM, when compared to non-diabetics (Table 3 and 
figure 1,2,3,4). Studies using heart rate variability in 
a large population have demonstrated similar changes 
of reduced heart rate variability measures, as observed 
in this study. In the Framingham Study of 1919 indi¬ 
viduals, HRV, as measured using SDNN, LF, HF, and 
LF/HF from 2-hour recordings, was also lower among 
diabetic subjects. [14] 

II. It was also observed while analyzing correlation be¬ 
tween duration of diabetes and LF power of HRV test 
parameter, that there was non-significant correlation 
in less than 8year T2DM group while there was sig¬ 
nificant negative correlation in more than 8year group 
(Table4 and 5). This trend shows the late involvement 
of cardiac sympathetic fibres. 

III. LF/HF ratio parameter of HRV test depicts sympa- 
thovagal tone, so it is pertinent to note that there was 
increase in value of LF/HF ratio in T2DM patients of 
less than 8years group, as compared to non diabetic 
as well as T2DM of more than 8years (figure 5 and 
6). This implies a greater decrease in HF power (de¬ 
picting parasympathetic activity) than LF power (de¬ 
picting sympathetic activity) in less than 8years of 
T2DM, showing early damage of parasympathetic 
fibres. This is also seen in this study [15], [16]. There 
was significant change in LF/HF ratio in both the said 
groups when compared to non-diabetics. Also, there 
was significant change in mean values of LF/HF ratio 
between T2DM patients of less than 8years and T2DM 
patients of more than 8years. 

As already stated by American Heart Association, heart dis¬ 
eases and stroke are the No. 1 causes of death and disabil¬ 
ity among people with Type 2 diabetes. About 65 percent 
of people with diabetes die from heart disease and stroke 
according to National Diabetic Education Program. Moreo¬ 
ver asymptomatic autonomic neuropathy is more common 
in Type 2 diabetes mellitus which is the main reason behind 
occurrence of painless myocardial infarction and sudden 
cardiac death in T2DM patients [17],[18]. The observations 
made above are suggestive of the fact that measurement of 
HRV may be used for early identification and prevention of 
cardiac complications in patients with DM. HRV test as an 
indicator of CAN is easy to perform and less time consum¬ 
ing. There is wide scope of involving HRV test as a routine 
screening for CAN. Regular HRV testing provides early de¬ 
tection and thus facilitates timely diagnostic and therapeutic 
interventions. 
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CONCLUSION 

Cardiac autonomic neuropathy is the major chronic complica¬ 
tion of type 2 diabetes mellitus and one of the leading causes 
of cardiac diseases in diabetics. It is concealed for a long time 
before it reaches the stage of clinical diagnosis. Moreover, 
chronic hyperglycemia leads to sustained degeneration of auto¬ 
nomic nerves. This study has shown that Heart Rate Variability 
is a simple yet sensitive method of assessing cardiac autonomic 
neuropathy at an early stage in diabetics. This provides an op¬ 
portunity so that proper lifestyle interventions and glycemic 
control can be undertaken to improve the condition of patient. 
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Table i: Baseline characteristics of control group and T 2 DM< 8years 



Group A 

Group Ai 

N (male/female) 

30 (male 16 /female 14 ) 

30 (male 13 /female 17 ) 

Age(yrs) 

5 2 *5 0 ± 7*3 1 

5 1 - 2 3 ± 7*99 

Duration ofT 2 DM (years) 

0 

3-3i±i*7 2 

Weight(kg) 

62.37±io.43 

64.63±io.37 

Height(m) 

i. 56 ±o.io 

i.59±o.io 

BMI(Kg/m 2 ) 

25 . 48 ± 2.68 

25 . 68 ± 3.82 

Waist/hip ratio 

o. 87 ±o .09 

o.99±o.07 

Systolic B.P(mmHg) 

i29.67±9*23 

i 27 .i 3 ± 8 .n 

Diastolic B.P(mmHg) 

8i.87±5-53 

8 i. 33 ± 3 . 2 i 


All mean ± standard deviation, Comparisons between the groups using an independent Y test. 
*p value< 0 . 05 . 
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Table 2: Baseline characteristics of control group and T2DM> 8years 


Variable 


Group A 


Group A2 


N (male/female) 


30 (male 16 /female 14) 

30 (male 15 /female 15) 

Age(yrs) 


52.50+7.31 


58.33t6.45 


Duration ofT2DM (years) 


0 


i2.8±4.42 


Weight(kg) 


62 . 37 ±io .43 


63.87t9.43 


Height(m) 


i.56±o.io 


i.58±o.09 


BMI(Kg/m 2 ) 


25.48±2.68 


2 5 * 43 ± 3 * 1 ° 


Waist/hip ratio 


o.87±o.09 


o. 97 ±o .09 


Systolic B.P(mmHg) 


i 29 . 67 ± 9.23 


i26.76±6.27 


Diastolic B.P(mmHg) 


81.87t5.53 


8 i. 87 ± 3.52 


All mean ± standard deviation, Comparisons between the groups using 

an independent‘t’ test. *p value< 0.05. 


Table 3: Heart Rate Variability according to Mean Duration of T2DM 



Heart Rate Variability parameterd( each N = 30) with different 
Mean Duration of T2DM years 

p-value 


Group A (No Diabates) Group Ai (3.31 ± 

7 - 2 ) 

Group A2 (12.8 ± 
4.42) 

Group A Group A 
vs Ai vs A2 

Group Ai 
vs A2 

PNN50 13.72 ± 2 *°9 


7.6 ± 2.39 

1.57 ± 1.41 

0.001* 0.001* 

0.000* 

RMSSD 34*43 ± 6.89 


18.57 ± 4.82 

1305 ± 5-78 

0.001* 0.001* 

0.001* 

LF Power (ms) 58.04 ± 7.72 


43.13 ± 3.80 

18.44 ± 2 *9° 

0.001* 0.001* 

0.001* 

HF Power (ms) 19.73 ± 3.14 


13.19 ± 2.46 

7.69 ± 2.12 

0.001* 0.001* 

0.001* 

LF/HF Ratio 2.98±.5i 


3 - 34 ±. 6 o 

2.53 ± 0.60 

0.046* 0.010* 

0.000* 

(*p value <0.05 is significant) 






Table 4: Correlation of HRV Test Parameters with Duration of Diabetes (in 

Less than 8 years T2DM) 

Duration of Diabetes with 

pNN 5 o% 

RMSSD 

LF (ms) 

HF (ms) 

LF/HF 

Mean 

7.60 ± 2.39 

18.57 ± 4.82 

43.13 ± 3.8 

13.19 ± 2.46 

3.34 ± 0.61 

Co-efficient of Correlation 

-0.676 

-0.496 

-0.29 

-O.761 

0.635 

p-value 

0.001* 

0.005* 

0.120 

0.001* 

0.001* 


(*p value <0.05 is significant) 

Table 5: Correlation of HRV Test Parameters with Duration of Diabetes (in More than 8 years T2DM) 


Duration of Diabetes with 

pNN 5 o% 

RMSSD 

LF 

HF 

LF/HF 

Mean 

1.5711..41 

13-05 ± 5*7 

18.44 ± 2 *90 

7.69 ± 2.12 

2.53 ± 0.60 

Co-efficient of Correlation 

-0.584 

-0.515 

-0.749 

-0.730 

-0.551 

p-value 

0.001* 

0.004* 

0.001* 

0.001* 

0.002* 


(*p value <0.05 is significant) 
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Average pNN50% (+/-1 S. D.) 

18 i- 

16-- 



Non Diabetes T2 Diabetes {< 8 years) T2 Diabetes (> 8 years) 

(Sample size N = 30 for each category) 


Figure 1: Shows comparison of means of the percentage 
of beats with a consecutive R-R interval difference >50ms 
(pNN50%) between three groups. 


Average RMSSD (+/- 1 S. D.) 


45 



Non Diabetes T2 Diabetes (< 8 years) T2 Diabetes (> 8 years) 
(Sample size N = 30 for each category) 


Figure 2: Shows the comparison of mean value of root mean 
square of successive R-R interval differences (RMSSD) be¬ 
tween three groups. 

Average LF Power {+/-1S. D.) 


70 



Non Diabetes 12 Diabetes (< 8 years) T2 Diabetes (> 8 years) 
(Sample size N= 30 for each category) 


Average HF Power (+/-1 S. D.) 


25 



Non Diabetes T2 Diabetes (< 8 years) T2 Diabetes (> 8 years) 

(Sample size N = 30 for each category) 


Figure 4: Shows comparison of mean value of HF Power be¬ 
tween three groups. 

Average LF/HF Ratio (+/-1 S. D.) 


4.5 

4 



Non Diabetes T2 Diabetes (< 8 years) T2 Diabetes (> 8 years) 

(Sample size N = 30 for each category) 


Figure 5: Shows comparison of mean values of LF/HF ratio 
between three groups. 


Trend of HRV Test Parameters v/s duration of 
! T2DM 
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Figure 6: Shows trend of HRV parameters in frequency do¬ 
main (LF, HF, LF/HF ratio) with increasing duration of diabetes. 


Figure 3: Shows comparison of mean values of LF Power be¬ 
tween three groups. 












































































































































































